This paper deals with the diffusion approximation technique for solving multi-server queu\~ing problems with balking having Erlangian inter-arrival time and Erlangian service time distributions. Probability of joining of a new customer to the system is assumed to vary as e -'YY where ' Y is a positive parameter and y is the queue length.
Introduction
In practical queuejng problems, arriving customers do not always join the queue. if it is long, to receive service. That is, a newly arriving customer gets increasingly discouraged to join the queue with the increase of queue size and sometimes balks (refuses to join) if he thinks that he may not receive service within the time he can wait. He tries either to find out another empty service station or one with comparatively shorter queue length, or leaves permanently without receiving service, after balking. Besides this phenomenon, other types of customer impatience such as reneging, jockeying, etc., do also occur in real life queueing problems but we consider here only E£/Ek/S (co) queueing problems with balking. Although probability of joining of a new customer to the already existing queue can be considered as a function of queue length in general, it is rather difficult to find out an exact rule which represents the actual balking phenomenon, as this phenomenon depends although, most of the earlier works are on single server Markovian models [1] , [2] , [4] , [5] , [7] - [9] . However, some results on M/M/s (00) [7] , [9] ,M/G/l (0') [8] , etc. ,syste71s with balking are also available. As far as the authors know, exact results for GI/G/s (00) system with balking are not known yet.
Here, therefore, we proposed a diffusion approximation method for solving E~/Ek/S (00) sYE:tems with balking, which can be used to solve a wide variety of practical problems falling under this group. This work is an extension of the earlier works by the authors [10] , [11] • Assumptions and considerations regarding the applicability of diffusion approximation technique to queueing problems have been discussed in detail in [3] , [6] , [10] . Those can be applicable in this case too with modifications in mean and va.riance functions for instanteneous change rate of customer number, which is discussed in the next section. However, an outline of the diffusion approximation technique for multi-server queueing problems without balking [10] is given bellow as it is essential for the development of the approximation method for the present model. The following notations are used in this paper: 
Equations (1.1) and (1. 2) can be wri tten in the following general form,
and its solution is
Hence, the solution of (1.1) is
and that of (1.2) is
The two functions f 1 (x) and f 2 (x) are continuously connected at x = 8 , Le., ' 1
Therefore, (1.6) becomes
Here the constant of integration cl is determined by the normalizat lon criterion that the integrated value of f(x) in the region (0,00) is unity.
Once the probability density functions ' 1 (x) and f/x) are known, various other system parameters may then be calculated. In reference [3] , the steady state probability of finding n customers in the system is calcu-
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Assumptions and Approximate Solution Method
We assume that customers arrive from an infiLite source to a multi-server service station, with inter-arrival time having Erlangian distribution, at a mean rate of \ . The system capacity is considered as infinite. If the queue length is zero, then the arriving customer immediately enters the system.
But, if the ar:riving customer finds a queue, he decides whether to join or to leave. Probability of joining in that case is (2.1 ) where 8 is a positive parameter less than 1. So, with probability
the arriving CJstomer refuses to join the queue and thus becomes a lost customer. Once the arrived customer joins the queue, he is not allowed to leave the system until the service completes, i.e., the reneging probability is considered as zero here. Queue :forms in one line and service is on I first come -first serve I basis with no interruption or fai lure in the service mechanism when customers are present in the system.
Fundamental considerations and boundary conditions (a reflecting boundary
at the origin and also that f(oo) = 0, df(oo)/dx= 0 ) for the diffusion equation, as those in the case with GI/G/s (00)
system [3] , [10] , remain the same in this model too. The system model is as follows. Queue forms because the system becomes fully loaded. So, balking of customers occurs according to the probability rule of (2.2) arriving customers join the queue with the modified arrival rate of Therefore,
A pry) , whereas the mean service rate of l1s remains the same as that in the case wi thout balking. Hence, the mean of instanteneous change rate of
x, the number of customers in the system, is
and the variance of that is calculated as
which is derived from the following considerations. 
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Therefore, the variance of N; can be calculated as (2.8)
Finally, the variance of instanteneous change rate in the number of customers who join the queue is calculated as (2.9) 
Since the variance of instanteneous change rate in x is expressed as the summation of variance of input and that of output processes, we get D (;c) of (2.4) by adding variance of departure rate lls/k with that for joining process from (~'. 9) [10] .
Using (2.3) and (2.4), the solution (1.4) becomes
where z is substituted for P y , i. e. ,
Depending on the values of 9-and k, f 2 (x) of (2.10) takes the following different form:3 which are obtained from (2.10) after simplification. 
where Az+B ~ 0 is consjdered. 
where Bz+C ~ 0 is considered. 
taking into consideration that the probability mass is centered at x = n [3] .
Therefore, using (1.5), (2.15) -(2.18), we get the approximate formula for the mean number of customers in the system as ex> ex>
The discretization as has been made in (2.18) can not be applied for n = 0, if a reflecting boundary at origin is assumed by the reason that the continuous customer number x should be positive as described in references [3] , [6] and [10] . It seems, however, that such correspondance as ,which e changes the interval of integration from (s -(0) to (1 -0 In Figure: Copyright © by ORSJ. Unauthorized reproduction of this article is prohibited. 
Conclusion
In this paper, an approximation method for the solution of multi-server queueing problems with balking using diffusion theory has been shown . system with balking may possibly be extended to cover more general cases, in a way similar to that for GI/G/s (00) system wi':hout balking, as shown in reference [3] .
